The electromagnetic dipole strength of the nucleus 136 Ba has been investigated. Two measurements were performed with electron energies of 7.0 and 11.4 MeV at the bremsstrahlung facility at the ELBE accelerator of the Helmholtz-Zentrum Dresden-Rossendorf. Photon scattering experiments on the same nucleus have been performed at the HIγS facility of the Triangle Universities Nuclear Laboratory between 4.7 and 9.3 MeV. The GEANT4 code has been used to determine detector response and non-nuclear scattered events. Thus it is possible to account for the dipole strength in the quasi-continuum of unresolvable transitions. A statistical code was used to simulate inelastic transitions and to determine the branching ratios of transitions to the ground-state. The resulting photoabsorption cross section is compared to QRPA and RQTBA calculations.
The calculated production rate of various isotopes in astrophysical scenarios differs from the observed rates for many elements. For the different barium isotopes, there exists a discrepancy of up to 20% for the neutron-capture cross sections [1] . These cross sections are an essential input for network codes calculating the abundances of elements. Below the neutron-separation threshold, the different decay channels are determined by the level density and the photon-strength function (PSF), which can be described as the tail of the E1 Giant Dipole Resonance (GDR). The PSF also has a large influence on the width of the different decay channels in a compound nucleus after neutron capture [2, 3] . Neutron capture and photon scattering cross sections are also relevant for the microscopic simulation of radiation and neutron transport calculation for future transmutation facilities [4] .
Various models are used to describe the shape of the GDR. The most common parametrization employs a single Lorentz curve (SLO) [5] , as provided in the RIPL3 database [6] . Moreover, other descriptions exist, which take into account triaxial deformations, such as the Triple Lorentzian Model (TLO) [7] . Most of the models are fitted to data of (γ,n) experiments, but the energy region below neutron separation energy S n is not described very well and differs remarkably from model to model. In addition, the so called Pygmy Dipole Resonances (PDR) [8] have been found in many experiments during the last decade [9, 10] . An enhanced strength below S n could increase the reaction rate in astrophysical scenarios and change the predicted abundances [11, 12] .
In this article, we report on our measurements of the electromagnetic dipole strength of the even-even nucleus 136 Ba which was investigated at two different facilities.
We performed experiments at the bremsstrahlung facility of the ELBE accelerator in Dresden-Rossendorf, Germany, and at the HIγS facility in Durham, USA. The 136 Ba nucleus has two neutron holes in the closed neutron shell at N = 82. Several experiments were performed in the past on N = 82 nuclides [9, [13] [14] [15] . These studies investigated the strength below the neutron threshold and found extra strength, hence the question raised how nuclei beneath the neutron shell behave.
Previous studies on 136 Ba [16] [17] [18] have found several states in the range below excitation energies of E x ≈ 4 MeV. In contrast, the experiments at ELBE aimed at measuring the complete dipole response up to the neutron-separation energy. In Sec. II, we give an overview on the experimental arrangements, whereas Sec. III describes the individual steps in the data analysis and the simulations performed. Finally in Sec. IV, we compare our results to predictions of a QuasiparticleRandom-Phase Approximation (QRPA) and Relativistic Quasiparticle Time-Blocking Approximation (RQTBA).
II. EXPERIMENTS
A. The bremsstrahlung facility at ELBE At the superconducting electron linac ELBE of the Helmholtz-Center Dresden-Rossendorf bremsstrahlung is produced by electrons with energies up to 20 MeV hitting a thin niobium foil [19] . The electron momenta used for the present experiments were p e · c = 11.4 MeV and p e ·c = 7.0 MeV. The first one ensured a sufficient photon flux up to the neutron separation energy of 136 Ba at S n = 9.107 MeV. The second measurement at lower energy was used to identify inelastic transitions from excited nuclear levels to lower-lying levels.
Before entering a collimator, the bremsstrahlung photons produced pass through an aluminum hardener to reduce the number of low energy photons. The photon energy distribution at the target position is plotted in Fig. 1 . The total flux can be normalized by using well known scattering cross sections of transitions in 11 B [20, 21] . These transitions were corrected for branching and feeding and agree very well with the trend, which is explained in Sec. III E. The amount of 11 B in the target was 318.1 mg. The target itself was a compound of BaCO 3 with a total mass of 2381.89 mg and an enrichment of 93% in 136 Ba. The experimental setup consisted of four 100% highpurity Germanium detectors (HPGe). Two were positioned at 90
• and two at 127
• relative to the beam axis. This allowed a determination of the multipole character of the observed transitions. Each detector was surrounded by an escape-suppression shield of bismuth germanate (BGO) which works as a veto-detector, increasing the ratio of full-energy events relative to all events. Lead collimators, each 10 cm thick, were placed in front of the detectors. The resulting spectra after 145 hours of beam time with p e · c = 11.4 MeV are shown in Fig. 2 . Strong transitions and a large continuum increasing toward low energies are clearly visible. The analysis of these data will be discussed in Sec. III. 
B. The HIγS facility
The same target used at ELBE was studied at the High Intensity γ Ray Source (HIγS) facility [22] of the Triangle Universities Nuclear Laboratory. A high-intensity FreeElectron Laser (FEL) is operated using electrons from the Duke storage ring. The HIγS facility uses intra-cavity back-scattering of polarized FEL photons in order to produce highly energetic photons up to 100 MeV. The polarization (linear or circular) is conserved in Compton scattering and leads to the production of photon beams with a degree of polarization of nearly 100%.
Four 60% HPGe-detectors were placed around the target position at a polar angle of 90
• . Two of them were placed in the horizontal plane, the other two in the vertical plane. This configuration in combination with the linearly polarized beam allowed us to distinguish between M 1 and E1 transitions.
The γ rays produced at HIγS are mono-energetic and collimated for an energy spread of about 4% of the incident beam energy which allows us to scan over the whole energy range to test single transitions for their parity. This method has also the advantage, when compared to normal bremsstrahlung experiments, that the states within the adjusted energy bin are not fed from higher levels, which usually complicates the measurement. For our experiment, photon-beam energies of E γ = 4.7, 5.1, 5.6, 6.1, 6.5, 7.0, 7.5, 8.0, 8.4, 8.7, 9 .0 and 9.3 MeV were used, where each energy was measured for 8 hours.
III. DATA ANALYSIS

A. Resolved transitions
The first step in the analysis of the data from the experiment at ELBE was the assignment of energy levels to 136 Ba. As mentioned before, a second measurement at lower electron beam energy was performed to identify transitions feeding low-lying states from states at higher energy. Shown in Fig. 3 are ratios of integrated scattering cross sections for intense transitions as deduced from the spectra measured at 11.4 and 7.0 MeV electron energy. Low-lying states exhibit a large ratio due to feeding from states above 7.0 MeV. For levels above about 5 MeV the ratios approach unity which indicates negligible feeding from higher-lying states.
The multipole order of transitions was determined from the ratios of intensities measured at 90
• and 127
• [23] . The expected ratios are 0.74 for E1 or M 1 transitions, starting from the 0 + ground state to an excited state with J = 1 − or J = 1 + and deexciting back to the 0 + state (0 → 1 → 0). For quadrupole transitions (0 → 2 → 0) this ratio is 2.28 including a correction for the opening angles of the detectors. If we assume a deexcitation via one or more intermediate states and feeding from above, this ratio approaches unity. In Fig. 4 the ratios of intensities measured with the two detector pairs show only a few quadrupole transitions and many transitions close to the theoretical value for dipole transitions.
Under polarized radiation at HIγS, the parity for most of the levels shown in Table I was measured. Also the spin value was cross checked. Fig. 4 shows, that the possibility to assign the spin of a level is is limited at ELBE due to the feeding from above. Therefore we used the results from HIγS to assign also the spin. Unfortunately, some of the energy bins at chosen photon energies were not broad enough to cover the complete energy range. Therefore, it was not possible to determine the parity for all states. Among the identified levels, no M 1 transitions have been observed. This indicates a negligiblyy small M 1 contribution to the dipole strength.
The resulting energy of an excited state E x is, in principle, not equal to the measured γ-ray energy E γ . After emission, the photon has a small energy loss due to small recoil of the target nucleus with the mass M :
The Doppler effect for a detector which is placed at the angle θ gives an additional energy shift: 
The correction is for the nucleus 136 Ba in the order of a few tenth of keV increasing to higher energies. For the light 11 B the effect is considerably larger and shifts the observed peak a few keV. The level energies given in Table I were obtained by applying these corrections to the measured transition energies. An important point in the data analysis of the continuum γ-ray strength is the correction of the experimental data for detector response. The detector response includes γ rays which have not deposited their full energy inside the detector volume. The detector setup was implemented in a GEANT4 [24] simulation, including the four HPGe-detectors, their BGO shields, the lead shielding and the components of the beam line. To check the implementation of the geometry test runs were performed. For this, we used GEANT4 version 4.9.3. including the Livermore-Low-Energy package.
For low γ-ray energies, radioactive sources such as 60 Co and 137 Cs were used to check the results of the simulated detector response. For example, the good agreement between simulation and experiment is shown in Fig. 5 . GEANT4 is capable of describing the energy deposition in the detector system fairly well. Small differences are seen below the full-energy peaks, which contribute in total only in the sub-percent range. At higher energies, another possibility to confirm the correctness of the simulations exists, which uses the excitation and deexcitation of levels in light nuclei with a low level density. An example is shown in Fig. 6 . For nat C, only a few excited states can be seen in a photon scattering experiment. The figure shows a comparison of the detector response in the experiment and simulation of the single state at 15.1 MeV. The simulated spectrum reproduces the single and double escape peaks as well as the detector response down to about 11 MeV. Below this energy, the influence of other transitions and of the nonnuclear scattered events increases. The comparison between GEANT3 and GEANT4 shows a good agreement except in the low-energy range. Considering the incomplete setup in the simulation (missing walls and beam dump) the low energy part is not treated satisfactorily. Therefore, data below 2 -3 MeV are excluded in the final cross-section evaluation.
The detector response was simulated over the entire energy range in 10 keV steps. Beginning with the bin at the highest energy, the normalized simulated spectrum below the full-energy peaks was subtracted stepby-step from the experimental spectrum. In Fig. 7 , one can clearly see for the 11 B transition at 8.9 MeV, marked by an arrow, how the single-escape peak (SE) is removed from the spectrum, whereas the full-energy peak (FE) remains unchanged.
The simulation of the detector response was also used to determine the efficiency, ε(E), of the detector setup. This value can be measured directly at some energies with calibrated sources. Fig. 8 shows the efficiency dependence over the energy range of the measurements. GEANT3 as well as GEANT4 are capable of describing the trend in the region of lower energies. At higher energies, the difference is negligibly small. The uncertainty of the efficiency was determined by fixing the simulated data to the absolute efficiency a of 137 Cs and a 60 Co source. Consequently, we estimated the uncertainty of the absolute efficiency values to be 5%.
C. Atomic background
In photon scattering experiments, photons do not only interact with the nuclei. In fact, the cross sections for interactions with the atomic electrons are about one or two orders of magnitude higher than the nuclear scattering at low energy. The first one is in the range of 10 to 20 barn (data from NIST XCOM see also Ref. [25] ). The second one is in the range of a few mb, which should be in agreement with results of other experiments in this mass range, see Ref. [26] . In principle, the atomic background at the detector position can be divided into different types:
• Events which result from only one scattering in the target. These can be the photons, which have only small energies left (E γ ≤1 MeV) when hitting a detector under backward angles after Comptonscattering in the target.
• Further events are processes involving two or more steps. There could be a pair production inside of the target. The positron then will annihilate and produces 0.511 MeV γ rays or the electron from this process can be stopped or lose energy by emitting photons.
For higher photon energies in the background, it can be verified with the help of GEANT4 that these are mainly bremsstrahlung photons. This radiation is generated when the primary photons produce high energy electrons via Compton scattering inside the target.
• Other sources of radiation can be due to the scattering of secondary particles in the detector setup and at the beam tube. Because the setup is constructed for low background conditions (minimum of construction material, large room etc., see [19] ), these events are considered to have a minor influence on the spectra. Fig. 7 shows the comparison between the measured spectrum, that has been corrected for natural background, detector efficiency and response and the spectrum caused by atomic processes. The so-called atomic background fits well at the low-energy part of the experimental spectrum, as well as at the high energies above the neutron-separation threshold, where we expect no more nuclear scattered photons due to the open (γ, n) channel and decreasing (γ, γ ′ ) channel.
As a result, we obtain a large continuum of events at all photon energies up to the neutron separation energy after subtracting of the non-nuclear scattered events. This continuum can be explained by the increasing level density and the finite detector resolution. As can be seen in Fig. 9 at an energy of about 4 -5 MeV, the resolution of the germanium detector is worse than the average level spacing in 136 Ba and only very intense peaks will tower out in the continuum.
In order to get full information about the dipole response and the photo-absorption cross section, one has to include this continuum of unresolved peaks. As previous work [13, [27] [28] [29] [30] has shown, the intensity of the continuum can be in the range of about two thirds of the total intensity. , but no assertion can be made about which model should be preferred, due to the finite detector resolution.
D. Correction for inelastic transitions
An excited state i at an energy E i does not need to decay to the ground state directly. It can decay to all states f with a lower energy E f < E i . For each linking transition, a transition width Γ if exists. The probability for the decay of state i to state f is:
It is known [31] , that an average radiative width for transitions between two states can be described by:
where XL is the multipolarity of the transition. The quantity̺(E f , J f ) is the density of states with spin J f at an energy E f . Transition energy E γ is the difference of the energies of the states E i − E f and f XL (E γ ) is the strength function, which depends only on E γ , according to the Axel-Brink-hypothesis [5, 32] .
Unfortunately, most of these quantities are not known exact or fluctuate. Therefore, we have to make the following assumptions:
• The photoabsorption cross section will be given in certain energy bins. In one bin, the number of levels is large enough to justify a statistical treatment. This supposition is not valid for lower energies (E x 4 MeV).
• Due to the incomplete information about level density, one has to assume a model. In previous work [13, [27] [28] [29] [30] , the back-shifted Fermi-gas (BSFG) model was used. Fig. 10 , BSFG predictions are shown in comparison to experimental data and the values predicted by the Constant-Temperature Model. In addition to this, one has to assume a spin distribution, which was also taken from Ref. [33] . We assume that positive and negative parities are distributed equally, which is a reasonable assumption for excitation energies above 4 MeV, according to Ref. [34] .
• One has to choose a model for the different strength functions. For the E1 strength, one could use a simple model like the description with one or two Lorentzian function as given in RIPL3 [6] . A more general model is the Triple Lorentzian Model [7] , which uses a combination of three Lorentzian curves. The parameters of this model are based on a global fit for medium-mass and heavy nuclei and thus the model is useful for the description of the electric-dipole strength function in nuclei for which (γ, n) cross sections have not been measured. The various models for 136 Ba differ in the low-energy region. A single Lorentz curve was used with the parameters deduced from experimental data for the neighboring isotope 138 Ba and given in RIPL3 [6] : Γ = 4.6 MeV for the width of the Lorentzian, E r = 15.25 MeV for the resonance energy of the GDR, and σ = 325.8 mb for the peak cross section.
• M 1 and E2 transitions are also taken into account.
Their strength functions are parametrized relative to the E1 strength function, as recommended in RIPL3.
• It is only possible to calculate averaged transition widths. The partial width of a transition varies according to a Porter-Thomas-distribution [35] .
In practice, one generates a level scheme, in which the levels are distributed according to the level density mentioned above. The average transition widths are calculated using Eq.(4) and varied according to a PorterThomas-distribution. Each of these so-called realizations is excited many times and the decay spectra are recorded. One of these realizations can not represent the nucleus exactly. Therefore, 1000 different randomized level schemes were built. In Fig. 11 branching ratios of ground-state transitions for various excitation energies in 10 realizations are compared with experimental values derived from the HIγS measurement. For this purpose the HIγS spectra were corrected for natural background, detector response and efficiency as well as for atomic background. These steps are shown in Fig. 12 . After subtraction, one can clearly see the transitions to the ground state and to other states. For higher excitation energies, the intensities of the transitions to the first excited state are very small. A cut-off for energies below 600 keV was used in the data analysis, because it was not possible to estimate the complete room background caused by scattered photons.
The experimental values are in good agreement to the simulated ones. The large error bars result from the difficult estimate of the total photon flux on the target in a given energy bin. The simulated atomic background has to be normalized to this experimental value. For this experiment, we calculated the flux in a given energy bin at HIγS from intense transitions in the energy bin using the known flux at the ELBE facility. At some of the excitation energies, only a few small peaks appeared, which produced a large uncertainty.
In the spectra measured at ELBE, which were corrected for detector response, efficiency and atomic background, the inelastic transitions are removed step-by-step starting from the highest excitation energies. 
E. Calculation of the photoabsorption cross section
After performing all these steps we obtained a final spectrum, which consists of only full energy peaks representing the ground-state transitions with their real intensity. The following formula is used to calculate the integrated scattering cross section I s (E x ) relative to the one of a state in 11 B [20, 21] : 
In the calculation, the state at 8.921 MeV was used, because this level is not fed from higher lying levels.
• I γ (E γ , θ) is the intensity for photons which are detected with energy E γ . This energy can be transferred to the excitation energy E x by taking into account the recoil of the nucleus and the Doppler shifting of the photons, see Sec. III A.
• W (E γ , θ) is the angular correlation.
• Φ γ (E x ) is the incident photon flux as shown in Fig. 1 . The distribution is calculated by using the formula given in Ref. [36] which is used as an input in GEANT4 simulation. This simulation is used to determine the change of the photon spectrum by the aluminum hardener. The absolute height of the curve is adjusted to the flux values deduced at the levels of 11 B. The curve is fitted to the data points at 4.444, 5.020, and 8.921 MeV. The data point at 7.285 MeV is not used in the fit, because other experiments [13, 27] have shown that this value may be overestimated. The data point at 2.125 MeV has a large uncertainty because of the correction performed for feeding from the other states. Therefore, this value is not used for the flux determination, although it agrees well with the fitted curve.
• ǫ(E γ , θ) is the efficiency for one detector at a certain angle θ as mentioned in Sec. III B. The trend of the efficiency as a function of energy can be seen in Fig. 8 .
• N N gives the number of atoms of 136 Ba and 11 B.
The integrated scattering cross section is calculated for single transitions as well as for complete energy bins of 100 keV width. The values for single transitions to the ground state are listed in Table I . These data can be used to calculate the ratio of Γ 2 0 /Γ with the following formula:
Here, σ γγ is the elastic scattering cross section. E x is the excitation energy of the level. J x and J 0 are the spins of the excited level and the ground state, respectively.
The values of I s deduced for resolved transitions are strongly influenced by feeding from higher-lying states and the measured scattering cross section contains two contributions; I s+f = I scattering + I f eeding , I scattering from the direct excitation and I f eeding from feeding from higher-lying states. The two parts cannot be disentangled by using the statistical simulations of γ-ray cascades, because the transition widths between two particular levels cannot be determined accurately as they undergo variations according to the Porter-Thomas distribution (see Sec. III D).
The photoabsorption cross sections σ γ were calculated for each of the nuclear realizations using the ground-state branching ratios described in Sec. III D:
Subsequently, average cross sections were deduced for each energy bin.
IV. RESULTS
A. Experimental results
The distribution of the experimental photoabsorption cross section σ γ of 136 Ba is shown in Fig. 13 in comparison with phenomenological approximations to the GDR. The experimental data display an enhancement over the phenomenological curves at excitation energies between 5.5 and 8.0 MeV that amounts to about 3.9% of the Thomas-Reiche-Kuhn sum rule [37] .
In Fig. 14 , the experimental photoabsorption cross section of 136 Ba is compared with those of the two N = 82 neighbors 138 Ba [14] and 139 La [13] . The cross section of 136 Ba is similar to that of 138 Ba. The enhancement of strength in the Ba isotopes is less distinctive than in the odd-mass neighbor 139 La. 136 Ba is represented by the black points. The strength function (black dashed curve) is given as a theoretical prediction. The green dots represent the measured photoabsorption cross section on 139 La [13] whereas the green dashed curve shows an SLO as fitted in the RIPL3 database to (γ, n) data on the same nucleus [38] corrected with a factor 0.85 [39] . The red circles [14] and the dashed curve [6] show the same information for the nucleus 138 Ba, respectively.
B. QRPA calculations
As a first theoretical model to compare our data to, we use the quasiparticle-random-phase approximation (QRPA), which is explained in detail in Ref. [40] . The nuclear shape of the 136 Ba is assumed to be spherical for the calculations. The calculations use the following hamiltonian:
Here, h MF stands for the quasiparticle hamiltonian. It consists of a Woods-Saxon mean field and a monopole pair potential. By defining the multipole operators
ν the isoscalar (t = 0) and isovector (t = 1) parts of the dipole (λ = 1) and octupole (λ = 3) interaction are included. This part depends on the values κ t=1 λµ which are adjusted such that they reproduce the maximum of the GDR. The suppression of the spurious center-of-mass motion [41] allows us to calculate transition strengths. It is not necessary to assume an effective charge for the neutrons, so the bare proton charge e π can be used. Then the transition operator is given by:M
The resulting QRPA spectrum shown in Fig. 15 was obtained by folding the solutions with Lorentzians of a width of 250 keV.
C. RQTBA calculations
The relativistic quasiparticle-time-blocking approximation (RQTBA) [42, 43] for nuclear response is based on the covariant energy density functional theory (CEDFT) with effective meson-exchange interaction. The CEDFT provides the working basis for further extensions beyond the mean field approach. The nuclear response function is described by the Bethe-Salpeter equation (BSE) in the two-quasiparticle space with an energy-dependent twoquasiparticle residual interaction which is the exact variational derivative of the phonon coupling self-energy with respect to the one-body Green's function. The BSE is solved either in the basis of Dirac states, forming the self-consistent solution of the relativistic Hartree equations for the ground state, or in the momentum-channel representation (see [42] for details). The approach is fully consistent: the same set of the coupling constants generates the Dirac-Hartree single-quasiparticle spectrum, the static part of the residual two-quasiparticle interaction, phonon spectra and the quasiparticle-phonon coupling amplitudes. The RQTBA solution of the BSE generates excitation spectra with a multitude of 2q⊗phonon (two quasiparticles ⊗ phonon) states providing a fragmentation of the giant resonances and of the soft modes obtained in RQRPA. Thus, within the RQTBA the excited states are built of the two-quasiparticle-phonon (2q⊗phonon) [42] or two-phonon [43] configurations, so that the model space is constructed with the quasiparticles calculated within the relativistic mean field and the phonons computed within the self-consistent relativistic QRPA. The quasiparticle space is complete up to 100 MeV and phonons with natural parities and angular momenta up to J=6 with energies below 15 MeV are included in the model space.
In this work, we present results obtained within the original version of the RQTBA [42] . To mimic missing complex configurations and the continuum above the particle threshold, the smearing parameter (imaginary part of the energy variable) was taken equal to 250 keV. 
D. Comparison of experimental with calculated cross sections
The present experimental cross sections are compared with the QRPA and RQTBA predictions in Fig. 15 . The calculated cross sections follow the general behavior of the GDR parametrization. The QRPA prediction shows large fluctuations in the GDR region, whereas the RQTBA prediction is more smooth as a result of the fragmentation of strength caused by the inclusion of 2q⊗phonon excitations. The QRPA calculations do not reproduce the experimental strength below about 7.5 MeV, whereas the fragmentation of strength in the RQTBA calculations brings strength toward low energy. The RQTBA calculations produce a prominent peak at about 8 MeV, somewhat above the experimental enhanced strength. In these calculations, there is a lack of strength at energies below about 6.5 MeV. This indicates that the model space of RQTBA is still not large enough to reproduce the lowest dipole excitations and higher-order correlations have to be included to cause further fragmentation.
V. CONCLUSIONS
The response of 136 Ba to dipole radiation was investigated. In total about 170 new levels have been observed. For most of them spin and parity assignments have been made by the combined information from ELBE and HIγS. A significant M 1 contribution to the total strength has not been observed in the experiment with polarized γ rays.
It has been shown that it is possible to deduce photoabsorption cross sections at ELBE from the beginning of the statistical regime at about 4 MeV up to the neutron separation energy. A continuum analysis has been successfully performed which takes into account unresolved strength. The GEANT4 code has proven its ability to describe the response of our detector system. Also the influence of non-nuclear scattered events can be estimated. The results of the statistical treatment in a code used for the determination of elastic and inelastic scattering at ELBE have been verified by the experimental measured intensities at HIγS. As a result of the present study, an enhancement of the dipole strength relative to phenomenological approximations of the GDR has been found that is similar to the finding in the neighbor 138 Ba, but less distinctive than that in the odd-mass neighbor 139 La.
QRPA calculations describe the gross properties, but show strong fluctuations in the GDR region and too little strength at low energy. In the RQTBA calculations, which include 2q⊗phonon excitations, the strength is more fragmented. This fragmentation produces a more smooth shape of the GDR and brings strength to low energy.
